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Direct resonance interaction with a catiomc cenicr 
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Direct resonance intendlon whh an anionic center 


(■f:'!f^widesrlyin$ physical basis for the faUure of Hammett cr^ and values to 
correiate.certain reartion series is that all substituent interactions are some mixture 
of iesaiiance and field effecte. When direct resonance interaction is possible, the 
extent of the resonance increases and the substituent constants appropriate to a 
mprernormal" mix of resonance and field effects then fail. There have been many 
attempts to develop sets of a values that take into account extra resonance interac- 
tions.. 

One approach is to correct for the added resonance interaction. This is done 
ia a modification of the Hammett equation known as the Yukawa-Tsuno equation'*: 


iog—^- per + p(r){a* - (7) 


(4.17) 


The additional parameter r is adjusted from reaction to reaction; it reflects the 
extent of the additional resonance contribution. A large r corresponds to a reaction 
with a large resonance component, whereas when r goes to zero, the equation is 
identical to the original Hammett equation. When there is direct conjugation with 
an electron-rich reaction center, an equation analogous to Eq. (4.17) can be 
employed, but cr~ is used instead of cr"^. 

The Yukawa-Tsuno relationship expanded to include both the a* and 
constants is called the LArSR equation'*: 

k 

log ^ = p(o'*' + r'-Ao-/ + rAa-R-) 

In this equation, the substituent parameters Acr^^^ and A*rj,- reflect the incremental 
resonance interaction with electron-demanding and electron-releasing reaction cen- 
ters, respectively. The variables r* and r" are estabUshed for a reaction series by 
regression analysis and are measures of the extent of the extra resonance contribu- 
ion: the larger their value, the greater the extra resonance contribution. Since both 
onor and acceptor capacity will not contribute in a single reaction process, either 
^ orr would be expected to be zero. 


nJovTrt^' "^'""r' ^^"^ ^"^ ^<"'- ^' <'^^^>; J' Mi'"^. ^- Am. Chem. Sec SI, 4877 
19 Y V Wepster, /. Am. Ckem. Soc. 95, 102 (1973). 

and M. Sawada, Suft Cftem. Sm. 45, 1210 (1972). 
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SECTION 4,3. 
SUBSTTTUBNT 
EFFECTS AND 
LINEAR 
FREE-ENERGY 
RELATIONSHIPS 
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